[Purpose] Heart failure has been identified as a risk factor for reduced physical function and falls; however, the impact of heart failure on functional recovery after a hip fracture is unclear. This study aimed to examine how heart failure and pre-fracture physical function affect recovery after a hip fracture. [Participants and Methods] The study population consisted of 122 patients with sub-acute hip fracture (mean age 81.7 ± 9.7 years, 18.9% male) who were divided into two groups: heart failure and non-heart failure. The outcome measurement was the functional independence measure effectiveness. A two-way analysis of variance was performed to investigate how heart failure and ambulatory ability prior to hip fracture were related to the functional independence measure effectiveness.
INTRODUCTION
The prevalence of heart failure (HF) greatly increases with age and is expected to increase even more as the population ages, referred to as the "HF pandemic" 1) , especially in an aging society such as the one in Japan 2) . In HF patients, a loss of skeletal muscle mass and decreased bone mineral density are commonly observed 3, 4) , which contribute to reduced exercise capacity and a risk of falls with subsequent fractures. Indeed, HF has been already identified as a risk factor for fractures 5, 6) .
A reduced capacity for exercise prior to hospitalization is known to be a risk factor for hospitalization-associated disabilities 7) and affects the functional recovery after a hip fracture [8] [9] [10] , which is a major concern related to patient outcomes after such an incident. HF patients exhibit abnormal protein metabolism (accelerated catabolism and decreased assimilation) due to chronic inflammation, high oxidative stress, declining levels of anabolic hormones, and malnutrition, and conditions known as sarcopenia and cardiac cachexia 3, 11) . Thus, in addition to being associated with low physical function pre-fracture, HF may also contribute to poor functional recovery after a hip fracture independent of pre-fracture physical function.
To the best of our knowledge, few studies have previously examined the postoperative functional recovery in hip fracture patients with HF, and little is known about how HF and pre-fracture physical function affect the patients' functional recovery after such an incident. We hypothesized that HF affects the patients' functional recovery after hip fracture independent of pre-fracture physical function, and vice versa.
The aim of this study was to investigate the influence of HF on functional recovery after a hip fracture and to verify the independence of its influence from preoperative physical function. To achieve this, we conducted a single center retrospective study of hip fracture patients with and without HF.
PARTICIPANTS AND METHODS
We retrospectively examined consecutive patients who underwent surgery for a hip fracture and were admitted to our rehabilitation unit between October 2014 and October 2017. The exclusion criteria were: 1) fractures that occurred during psychiatric hospital hospitalization, 2) transfer for reoperation, and 3) in-hospital death. In total, 122 patients were included in the study.
The study was conducted in accordance with all regulations of the Declaration of Helsinki. The study protocol was approved by the ethics committee of the Fuyoukai Murakami Hospital (No.2018-1-18).
Our hospital is a 120-bed convalescent rehabilitation hospital that adopts a multidisciplinary team approach. In the Japanese medical insurance system, patients were referred from acute hospitals, typically about 30 days after surgery for a hip fracture, and received hospital care in convalescent rehabilitation hospitals for up to 150 days after surgery. All patients in this study underwent rehabilitation programs on every day during hospitalization. Rehabilitation programs were provided by physical therapists and occupational therapists and consisted of a range of motion exercises, muscle strengthening exercises, gait exercises (using parallel bars, walkers, or canes as necessary), and ADL exercise. All patients were provided 60 to 180-minute rehabilitation sessions per day.
All study variables were obtained from the patients' medical records. We investigated age, gender, body mass index (BMI; categorized as <18.5, ≥18.5 to <25.0, and ≥25.0, referring to recommended criteria for Asian populations by the World Health Organization 12) ), Charlson comorbidity index 13) , fracture type [neck of femur and (inter) trochanteric], type of surgery (osteosynthesis and arthroplasty), the revised Hasegawa's dementia scale (HDS-R), the number of days from surgery to admission, Functional Independence Measure 14) (FIM), the length of hospital stay (LOS), ambulatory ability before fracture and at discharge [walking independently (outdoors), walking independently (indoors), and walking with assistance or wheelchair], and place of residence before fracture (own home, nursing home or residential home, and hospital). We also investigated the history of HF diagnosis.
Functional disability was assessed using the FIM, which is one of the most widely used assessment tools of ADL in patients with disability, at admission and discharge. FIM consists of 18 items divided into 6 subcategories: self-care (6 items), sphincter control (2 items), transfer (3 items), locomotion (2 items), communication (2 items), and social cognition (3 items). Each item is scored on a 7-point ordinal scale rating ranging from a score of 1 (total dependence) to a score of 7 (complete independence), and the total of the FIM scores range from 18 to 126. We used FIM effectiveness as the outcome measurement. FIM effectiveness can be calculated using the following formula: (FIM at discharge − FIM at admission) / (126 − FIM at admission). It is expressed as a percentage reflecting the proportion of potential improvement actually achieved during rehabilitation 15, 16) .
The participants were divided into two groups (the HF group and the non-HF group). Student's unpaired t-tests, χ 2 tests, and one-way analysis of covariance (ANCOVA) were performed to compare the clinical characteristics between the two groups. Two-way analysis of variance (ANOVA) followed by Tukey's post-hoc-tests was performed to investigate how HF and ambulatory ability before fracture (independent variables) were related to the FIM effectiveness (dependent variable). Statistical significance was set at p<0.05 for all analyses. Statistical analyses were performed using SPSS statistics version 22 (SPSS Inc., Chicago, IL, USA).
RESULTS
Of the 133 potential patients, 11 were excluded based on the criteria described above. Thus, 122 patients were included in the analysis. The mean [ ± standard deviation (SD)] age of the patients was 81.7 ± 9.7 years and 18.9% of patients were male. Regarding the type of operation, 68.0% received osteosynthesis and 32.0% arthroplasty. Seventeen (13.9%) of 122 patients had a history of HF diagnosis and were defined as the HF group. Compared with the non-HF group, the HF patients were significantly older (p=0.042) ( Table 1) . The HF group patients also displayed lower FIM effectiveness during hospitalization even after adjustment for age, gender and ambulatory ability before fracture (p=0.048), despite there being no significant difference in FIM score between the groups at admission ( Table 2A) . The trajectories of change in ambulatory ability were similar between the two groups, but the rate of returning to the same residence as before the fracture was lower in the HF group (p=0.039) ( Table 2B ). The results of two-way ANOVA, with FIM effectiveness as the dependent variable, revealed that there were significant main effects of the two independent variables [HF (p=0.026) and ambulation ability before fracture (p<0.001), respectively], and that their interaction effect was not significant (p=0.240). Tukey's post-hoc-test indicated that there were significant differences between walking independently (outdoors) vs. walking independently (indoors) (p=0.001), walking independently (outdoors) vs. walking with assistance or wheelchair (p=0.001) and walking independently (indoors) vs. walking with assistance or wheelchair (p=0.001) ( Table 3) . 
DISCUSSION
In this study, we hypothesized that HF affects the patients' functional recovery after a hip fracture independent of pre-fracture physical function and vice versa. To support this hypothesis, two-way ANOVA with FIM effectiveness as the dependent variable revealed that there were significant main effects of the two independent variables, HF and ambulation ability, prior to fracture. To the best of our knowledge, this is the first study to investigate the influence of HF on postoperative functional recovery after taking into consideration the pre-fracture physical function in hip fracture patients.
Several previous studies have already reported that low pre-fracture physical function is associated with poor functional recovery after a hip fracture [8] [9] [10] . Similarly, we confirmed that the influence of pre-fracture ambulatory ability on FIM effectiveness after a hip fracture is significant, and that this impact is independent of HF ( Table 3) . These results suggest that pre-fracture physical function plays an important role in predicting postoperative functional recovery in hip fracture patients.
On the other hand, very few studies have described the contribution of HF to functional recovery in hip fracture patients. Mathew and colleagues reported that HF was associated with an early delay in recovery of ADL after a hip fracture and took 12 months to recover to similar levels as non-HF patients 17) . Our study results also suggested that HF was a risk factor for poor functional recovery after hip fracture, and we showed that this impact was independent of pre-fracture physical function. Hence, our study reveals new findings. Unfortunately, this mechanism cannot be explained because few studies have investigated the influence of HF on functional recovery after hip fracture; a possible explanation is that HF patients are in a state of chronic inflammation, high oxidative stress, declining anabolic hormones and malnutrition, with a high prevalence of protein metabolism and skeletal muscle abnormalities labelled as sarcopenia and cardiac cachexia 3, 11, 18) . As with our results, although the prevalence of HF increases with age 1) , these abnormalities are known to be age-independent. Therefore, the effect of exercise-based interventions on improving physical function may not have been as effective when compared with non-HF patients.
Recently, several studies have supported the influence of neuromuscular electrical stimulation therapy on improving physical function in HF patients, and its safety also has been confirmed 19, 20) . In addition, other studies have indicated a beneficial impact of branched-chain amino acid (BCAA) supplementation for HF patients [21] [22] [23] [24] , and a prospective study is currently being conducted to verify the combined effect of BCAA supplementation during conventional cardiac rehabilitation for Japanese HF patients 25) . Although these interventions are not routinely performed during rehabilitation of hip fracture patients, they may potentially be effective even for hip fracture patients with HF. Therefore, we emphasize the importance of further research on the utility of these additional interventions for functional recovery in hip fracture patients with HF.
We acknowledge some limitations of this study. First, we used categorized ambulatory ability [walking independently (outdoors), walking independently (indoors) and walking with assistance or wheelchair] as an indicator of physical function; but, as in the previous studies reporting the contribution of HF to decreased physical function 26) , continuous variables such as knee extension muscle strength or gait speed may be more sensitive for detecting the deterioration of physical function. However, when studying diseases resulting from unexpected injuries such as hip fracture, it may be difficult to obtain the continuous-variable physical functions before fracture. Second, we could not take into consideration the etiology of HF or duration between HF diagnosis and hip fracture occurrence. However, it may be difficult to obtain such detailed information about HF at convalescent rehabilitation hospitals like ours. Third, since this was a single-center study, this cohort may not be representative of all Japanese hip fracture patients and the results may therefore not be generalizable. The present study should be replicated using a larger number of patients selected from multiple, more diverse participating facilities.
In summary, 13.9% of patients had a history of HF diagnosis, and these patients showed poor functional recovery after hip fracture compared to those without HF. Furthermore, the influence of HF on functional recovery was independent of preoperative physical function. Recently, the utility of neuromuscular electrical stimulation therapy and BCAA supplementation for HF patients in improving physical function has been indicated in several studies, and we would like to emphasize the importance of confirming the effectiveness of these additional treatments in hip fracture patients with HF in a prospective intervention study. 
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